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Scientific  Progress 

This  grant  was  for  installing  and  implementing  2  ultrastable  high  finesse  Fabry-Perot  cavities  which  were  used  to  frequency 
stabilize  the  2  Rydberg  atom  excitation  laser  systems  we  use  for  our  DoD  projects  (ARO/DARPA  and  AFOSR).  The  first  system 
functions  at  852  nm  and  -510  nm  and  is  used  for  Cs  Rydberg  atom  excitation.  The  second  system  operates  at  780  nm  and 
-480  nm  and  is  used  for  Rb  Rydberg  atom  excitation.  The  2  laser  systems  were  stabilized  to  linewidths  of  <  50  kHz  with 
frequency  drift  of  <  100  kHz  per  day.  The  system  used  to  lock  each  laser  system  was  identical  and  also  allowed  the  lasers  to  be 
tuned  up  to  750  MHz  with  a  microwave  signal  generator  to  precisely  fix  the  detuning.  The  systems  were  installed  by  graduate 
students  and  a  postdoc  who  learned  how  to  construct  and  operate  this  technology.  The  laser  stabilization  systems  are  an 
integral  part  of  our  lab  setups  and  are  used  virtually  every  day. 

The  high  finess  (-20,000-30,000  depending  on  wavelength)  Fabry-Perot  cavities  are  made  of  ultra-low  expansion  glass.  They 
are  contained  in  a  vacuum  housing  whose  pressure  is  maintained  by  an  ion  pump.  The  vacuum  housing  sits  in  a  radiation 
shield.  The  entire  vacuum  cavity  is  temperature  regulated  to  <0.05  C.  This  passive  stabilization  leads  to  low  drift  of  <  100  kHz 
per  day.  The  only  drawback  is  that  the  Fabry-Perot  cannot  be  tuned  which  means  that  it  was  necessary  to  use  an  offset  locking 
method  which  we  did. 

For  each  system,  a  small  amount  of  light  from  a  852  nm  (780  nm)  diode  laser  is  picked  off  from  the  output  beam  using  a 
waveplate  and  polarizing  beam  splitting  cube.  This  light  is  directed  through  a  10  GHz  bandwidth  fiber  coupled  electro-optic 
phase  modulator  (eom).  The  eom  is  modulated  using  an  amplified  signal  from  a  microwave  signal  generator  (1-3  GHz)  that  is 
capable  of  phase  modulating  its  output.  In  this  way,  tunable  sidebands,  from  1-10  GHz,  that  are  themselves  modulated  at  .05-5 
MHz,  can  be  generated  on  the  input  laser  beam.  The  light  from  the  eom,  namely  the  sideband,  is  used  to  generate  a  Pound- 
Drever-Hall  signal  by  monitoring  the  reflected  light  from  the  ultra-stable  Fabry-Perot  cavity.  The  Pound-Drever-Hall  signal  is 
generated  by  taking  the  reflected  light  signal  obtained  from  a  fast  photodiode  and  beating  it  against  the  0.05-5  MHz  phase 
modulation  signal.  This  signal  is  fed  back  into  the  fast  (1 0  MHz  bandwidth)  locking  electronics  of  the  diode  laser  system  to  lock 
the  laser  to  the  cavity.  The  diode  laser  can  be  tuned  by  tuning  the  primary  sideband  at  1-10  MHz.  However,  since  the  cavity  free 
spectral  range  is  1.5  GHz,  the  tuning  of  the  sideband  is  limited  to  1/2  the  free  spectral  range  of  750  MHz.  For  Rydberg  atom 
physics  this  is  more  than  sufficient  for  experiments  where  the  detuning  from  the  Rydberg  state  does  not  have  to  be  large. 

For  the  -51 0  nm  (Toptica-SHG)  and  the  -480  nm  (home  built)  laser  systems,  we  used  basically  the  same  approach.  However, 
both  of  these  laser  systems  are  based  on  the  amplification  and  frequency  doubling  of  a  diode  laser,  the  master  diode  laser  was 
locked.  This  increased  the  locking  bandwidth  by  avoiding  the  phase  delay  that  limits  the  bandwidth  of  the  510  nm  and  480  nm 
light  that  is  generated  in  a  multi-pass  frequency  doubling  cavity.  In  addition,  the  master  laser  wavelengths  of  1 020  nm  and  960 
nm  lie  in  the  near  infra-red  closer  to  the  852  nm  and  780  nm  lasers  so  it  was  easier  to  obtain  a  high  finesse  for  the  Fabry-Perot 
cavities  at  both  wavelengths  by  using  multi-layer  mirror  coatings  of  high  reflectivity. 

We  successfully  implemented  these  setups  and  achieved  <50  kHz  laser  spectral  bandwidths  along  with  low  laser  drift.  <  100 
kHz  per  day.  The  lasers  can  be  positioned  in  frequency  on  the  narrow  Rydberg  states  each  day  by  simple  locking  the  sidebands 
to  the  cavity  each  morning  at  the  same  signal  generator  frequency,  saving  hours  of  time  each  day.  In  addition,  the  lasers  can  be 
parked  onto  the  Rydberg  atom  transitions  and  data  can  be  acquired  for  long  periods  of  time  without  having  to  adjust  the  lasers 
even  when  performing  precision  measurement  of  RF  electric  fields  using  Rydberg  atoms. 

In  conclusion,  the  proposed  systems  were  installed  successfully.  They  have  been  used  for  experiments  on  a  daily  basis  since 
they  were  implemented.  2  students  and  1  postdoc  learned  how  to  implement  the  systems  and  have  used  them  for  experiments 
since  that  time. 

Technology  Transfer 

The  work  enabled  by  this  award  has  lead  partially  to  a  DARPA  sponsored  SBIR  phase  I  grant  which  involves  the  PI  and  the 
small  business  Cold  Quanta  to  further  develop  RF  electric  field  sensors  based  on  Rydberg  atoms.  One  of  the  installed  devices 
is  being  used  for  our  AFOSR  project. 


